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Abstract. A variety of medical procedures require arithmetic calculations to be 
performed. These calculations can be complex and induce errors that can have 
serious consequences on the ward. In this paper, we consider whether a graph-
ical representation might make these calculations easier. The results of a labora-
tory experiment are reported in which participants were asked to solve a num-
ber of infusion parameter problems that were represented either graphically or 
textually. Results show that participants were faster but no more accurate in 
solving graphical problems than they were textual problems. We discuss the 
need for situated work to be conducted that builds on these initial findings to 
determine whether the advantages of graphical representations transfer to actual 
workplace settings. 
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1 Introduction 
Many tasks on hospital wards require nurses to perform calculations involving rates, 
volumes and times (e.g., setting up syringe drivers and infusion pumps). Unfortunate-
ly, there is a large body of evidence showing that nurses and trainee-nurses have poor 
arithmetic skills [1–3]; as a result, calculation errors are occasionally made [4]. This 
has implications for the quality of care patients receive. 
A number of approaches have been taken to improving calculation ability. These 
have ranged from traditional pedagogic efforts [5] – more teaching – to the develop-
ment of interactive learning environments [6]. Although educational programmes do 
much to address arithmetical shortcomings, they provide little insight into whether the 
traditional textual layout of information used during calculations is best suited to the 
task that nurses face.  
An alternative approach that we explore here is to radically change the presentation 
of the calculation information from textual to graphical. It has been argued that graphs 
might make the calculation of infusion parameters easier, thus reducing the likelihood 
of error [7]. However, there has been little work to date that has evaluated whether 
people are better at solving these kinds of problems when presented with graphical 
representations than they are with textual representations.  
The aim of this paper is to determine whether a graphical representation makes it 
easier for people to make calculations about infusion parameters. We report the re-
sults of a lab-based experiment in which participants were given a set of calculation 
problems, represented either graphically or textually, along with some questions to 
answer. We wanted to know whether the graphical representations would allow par-
ticipants to achieve the same or better levels of accuracy in less time than was possi-
ble with textual representations. 
1.1 Related Work 
Performing calculations is a major component of many nurses’ routines. For example, 
infusion pumps, which are used to deliver medication intravenously to patients, need 
to be programmed with parameter values, usually infusion duration, volume and rate. 
Sometimes all of these values are given on a prescription or medication bag so they 
can be easily programmed into the device. However, sometimes there are missing 
values that must be calculated before they can be programmed [8]. Even when all of 
the values are provided, infusions can occasionally be disrupted midway through (e.g. 
because of a battery failure [8]). Such failures require new values to be calculated and 
then programmed into the pump so that the infusion can be resumed. Reports show 
that many nurses find these calculations difficult and more worryingly often over-
estimate their ability to perform them [9]. Hence there is an opportunity to see wheth-
er modifications to environmental artefacts might facilitate accurate calculations. 
Previous work [10] has experimented with nomograms – one dimensional slide 
rule-like representations – to make such calculations easier. Empirical results indicate 
that these representations can significantly reduce the number of errors made in calcu-
lation tasks. Although nomograms ease calculations, they do not provide a representa-
tion of the complete time course of the infusion, or its current state, which may cause 
difficulties when restarting disrupted infusions (e.g., because of a battery failure). It 
has been proposed [7] that representing infusions on two dimensional charts might 
make it easier for nurses to reason about the setup of infusions, but this proposal has 
not been tested empirically. 
The advantages conferred by re-representing information have been of interest to 
the areas of cognitive science and human-computer interaction for some time. Larkin 
and Simon [11] describe the properties of informational and computational equiva-
lence of representations: representations are informationally equivalent if they are 
constructed from the same underlying data; they are computationally equivalent if 
inferences can be drawn with equal speed and ease. Zhang and Norman [12] extend 
these definitions from a distributed cognition perspective, finding that multiple repre-
sentations of the same task can afford different degrees of external representation, 
which in turn affects problem-solving efficacy. 
External representations are not necessarily diagrammatic and there is a subset of 
research concerned specifically with reasoning about representations that use Carte-
sian co-ordinates (i.e. a chart or graph). Peebles and Cheng [14] provide an empirical 
validation of the equivalencies described previously by Larkin and Simon [11] in the 
context of chart-based reasoning. In their study, they compared informationally 
equivalent graphs and showed that constructing graphs according to particular psy-
chovisual properties can result in reasoning efficiencies that can mitigate participant 
unfamiliarity with a particular representation. However, this does not seem to apply 
universally: in some cases where participants were required to reason about equiva-
lent representations, familiarity both with the topic and with graphs is a significant 
factor in interpretation performance [15]. To reduce the effect of familiarity on rea-
soning performance, this study uses simple two-point graphs, and participants are not 
required to perform interpretation; instead, they only need to retrieve calculation pa-
rameters from the graph. Despite the extensive work in the area of graphical represen-
tations, we are unaware of any comparative experimental studies of the performance 
characteristics of graphical and textual representations of the same information. 
We describe an experiment that investigates whether people are able to perform 
better in resolving arithmetical problems similar to those that nurses perform for infu-
sions when given graphical representations compared to traditional textual representa-
tions. The representations used are informationally equivalent: each problem is repre-
sented twice, once in graphical form and once in textual form. However, we hypothe-
sise that the representations are not computationally equivalent: using them requires 
different degrees of effort. Building on the suggestion that graphical representations 
might make infusion problems easier to deal with [7], we predict that graphical repre-
sentations will be less computationally intensive (i.e. easier to use) than textual repre-
sentations. If graphical representations are indeed less computationally intensive, 
participants should be able to complete the problems more quickly and more accurate-
ly than they can with textual representations. 
2 Method 
2.1 Participants 
Twenty-one participants (11 female) with a mean age of 24 years (SD=4 years) 
took part in the study. Participants were recruited from the psychology subject pool at 
University College London and were paid £10 for approximately one and a half hours 
of their time. 
2.2 Materials and Design 
The experiment was made up of 22 infusion problems. These problems specified 
the total volume to be infused (i.e. the starting volume), the total duration of the infu-
sion, the time elapsed so far and the total volume remaining. Each of these problems 
was presented twice during the course of the experiment, once textually and once 
graphically (see Fig. 1). Participants were not informed that the same problems could 
appear more than once in different forms. 
The textual representations (shown on the left of Fig. 1) give the rate of infusion, 
the total volume (VTBI), the volume remaining and the time elapsed. This representa-
tion is typical of the interface of many infusion pumps that are currently manufac-
tured. The graphical representations use the same information, only plotted on a chart. 
Although the information differs in representation, the total information content is 
identical. All graphical representations were displayed on the same scale from 0-
1000ml/h and 0-120 minutes. In order to encourage calculation, the graphs were not 
drawn accurately enough to compute answers directly from the graphs by reading 
values from the axes. 
Underneath the representation of the problem, participants were given either one or 
three questions on the problem, depending on the phase of the experiment. These 
problems required participants to retrieve information from the representations and 
then perform a calculation. For example, for the problem shown in Fig. 1, participants 
might be asked “How many minutes remain in this infusion?” To come to the correct 
answer – 42 – participants would need to subtract the time elapsed from the total infu-
sion duration. More complex questions might ask, “If the rate of infusion was halved 
at this moment, how much longer would the infusion take?” Participants answered the 
questions associated with the problem and then clicked a button to proceed to the next 
problem. Participants were not given any feedback on their answers. 
In addition to the calculation task, participants were also required to complete a 
cognitively demanding secondary interrupting task. This was a modification of the n-
back task [16]. Participants were shown a two-by-two grid. Every three seconds, one 
of the cells was filled in either blue or red. This was a two-back task so participants 
had to decide whether the current arrangement matched the arrangement of colour and 
position they were shown two arrangements prior. The interruptions lasted for 30 
seconds after which participants were returned to the primary task. 
Finally, an eight item post-experiment questionnaire was also devised. This asked 
participants about the extent to which they found different aspects of the experiment 
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Fig. 1. Examples of the textual (left) and graphical representations used in the 
experiment.  
 
This study used a counterbalanced within-subjects design with a single independ-
ent variable, type of representation, which had two levels, graphical and textual. The 
dependent variables were answer accuracy; time to complete each problem; and time 
to answer the first question in a problem after it was presented on the screen. 
2.3 Procedure 
After reading an information sheet, watching an introductory video and giving con-
sent, participants started working through the training phase. Participants were pre-
sented with eight training problems, four each for the graphical and textual represen-
tations. Each problem came with three questions, the majority of which required par-
ticipants to find the appropriate information in the representation and transcribe it into 
a text field. For example, for the problem in Fig. 1, participants might be asked what 
volume remained to be infused or how much time was left. Participants completed all 
of the problems with the assistance of the experimenter. If participants demonstrated 
satisfactory competence in answering these questions they continued to the experi-
mental trials, which consisted of two phases. 
The first experimental phase presented participants with a single question per prob-
lem. Participants were given the same problem twice, once with the graphical repre-
sentation and once with the textual representation. There were a total of nine prob-
lems in this first phase, giving a total of 18 trials, two for each problem. The order of 
presentation was counter-balanced. 
The second experimental phase used a different set of nine problems. In order to 
accommodate interruptions, problems in this phase comprised three questions. Inter-
ruptions occurred after the participant had started working on the problem. More spe-
cifically, interruptions could occur in one of two places: either before the second 
question or before the third question. There were a total of 18 trials in this phase, nine 
of each type of representation. Participants alternated between the two types of repre-
sentation (i.e. a graphical problem followed by a textual problem) and this order was 
counterbalanced across participants. Participants were given access to a pen, paper 
and calculator for the duration of the study and told that they were free to do as they 
wished with them. 
3 Results 
Four participants were unable to complete all questions in the time available, so their 
data were excluded from the analysis. Participants answered a total of 1224 questions, 
306 in the first phase and 918 in the second. Of the 1224 questions, 745 were an-
swered correctly giving an answer accuracy rate of 61%. Of the correct answers, 388 
came from graphical problems (per participant, M=23, SD=8) and 357 came from 
textual problems (M=21, SD=8). Representation type did not have a significant main 
effect on the number of correct answers t(16)=2.06, p=0.06. 
As well as accuracy, we were also interested in the speed at which participants 
were able to complete the problems. Problems from the first phase were used for this 
purpose because there was only one question associated with each problem. This al-
lowed us to eliminate any effects of guessing, by examining the time spent on a prob-
lem for correct answers only. On average, participants took longer to complete a prob-
lem using the textual representation (M=69s, SD=33s) than with the graphical repre-
sentation (M=48s, SD=20s). This difference was significant
1
, t(15)=2.24, p<.05. 
We were unable to meaningfully evaluate the time spent on problems in the second 
phase, because only accepting problems with three correct answers made for too small 
a sample. Therefore, the final measure we were interested in was how long it took 
participants to start answering the first question in a problem. To do this, we meas-
ured the time between the presentation of the representation and the first keypress in 
the answer field. (First click was not used because participants would often click the 
answer field and then work out the answer.) Including only correct answers, we found 
that participants took significantly longer to calculate their first answer when given 
textual representations (M=44s, SD=23s) compared to when they were given graph-
ical representations (M=27s, SD=11s), t(16)=3.43, p<.01. We do not consider the 
effect that interruptions had on performance as this is beyond the scope of this article. 
The post-experiment questionnaire asked participants to rate their agreement with 
eight statements about the task. The first three questions in particular were of interest 
as they asked participants about their subjective sense of the difficulty of the experi-
ment as a whole and the two different kinds of representation. The modal response to 
the first question “The task I was given was difficult” was ‘Agree’. Participants re-
sponded ‘Neutral’ to the second question: “Problems with text representations were 
harder than problems with graphical representations.” There was no single modal 
response for the third question. “Problems with graphical representations were harder 
than problems with text representations.” The mode was split between ‘Disagree’ and 
‘Neutral’. 
4 Discussion 
The results of the experiment suggest that graphical representations may confer some 
performance advantages over textual representations when calculating infusion pa-
rameters, giving support to previous proposals (e.g. [7]) and confirming that re-
representing calculation problems can improve performance (e.g. [10]). Although the 
effect of representation on answer accuracy was not significant, there was a trend 
toward superior accuracy in graphical problems. When interpreting this trend it 
should be noted that participants completed each problem twice – once for each repre-
sentation – meaning that the difficulty of the problems could not have affected how 
accurate participants were in their answers. 
Stronger evidence for the performance benefits of graphical representations is pro-
vided by response time data. These show that participants completed single-answer 
problems more quickly when presented with graphical representations and answered 
the first question more quickly in multiple-question problems. Even if participants 
                                                          
1 One participant was excluded from this test because they produced no correct answers to 
Phase 1 textual problems. 
eventually came to the same answer with both representations, they did so more 
quickly using the graphical representation. These differences in response time support 
the idea that these representations, while informationally equivalent, were not compu-
tationally equivalent; participants’ accuracy may have been knowledge-constrained 
(i.e. by their arithmetic skills), but graphical representations allowed them to operate 
within these constraints more effectively. In a time-pressured environment, small time 
savings that have no negative effects on standards of care might prove valuable. 
Our results indicate that as well as providing a small increase in accuracy, graph-
ical representations deliver a significant increase in efficiency. Participants’ feedback 
in post-experiment questioning revealed that they felt that graphical representations 
were somewhat less difficult to use than textual representations; this is despite the fact 
that they still had to calculate the answer themselves (i.e., they could not just read the 
answer from the graph). Overall the results of this study demonstrate that graphical 
representations may confer some advantages to support the calculation of infusion 
parameters over traditional textual representations of these problems. 
In some ways the experiment underutilises the features of graphical representa-
tions. For instance, some medications need to be delivered with a loading dose. This 
requires a high rate for a short period at the beginning of an infusion, followed by a 
slower infusion for the remainder of the prescription. These kinds of infusion could 
easily be represented on a graphical representation: the gradient of the line would 
change to reflect the changing rate of infusion. Conversely, the simple textual repre-
sentation in this study provides no mechanism for presenting such an infusion in an 
easily digestable manner. Moreover, graphs were drawn inaccurately so that partici-
pants could not compute answers directly from the graph – accurate graphs might 
have provided more scope for participants to reason about the problems visually. 
Graphical representations could be embedded into future infusion devices, where they 
could provide dynamic indication of infusion progress (e.g. [7]), or their benefits 
could be realised by printing them on medication bags and prescriptions alongside (or 
instead of) textual representations. 
The extent to which graphical representations would be useful on wards hinges on 
generalisability of the results of this study. We used a lab-based experimental investi-
gation because we wanted to see if representational differences would affect perfor-
mance in a group of participants who were unfamiliar with either kind of representa-
tion; testing the interfaces on nurses will be difficult because they will likely be ac-
customed to the traditional textual representation. Future work should investigate 
whether calculation performance improves with graphical representations of infusion 
by introducing graphical representations to nurse training programmes. Our results, 
together with previous work which demonstrates that visual representations have 
advantages over textual representations in pedagogic situations [13], suggest that 
graphical representations could have positive effects for trainees, where textual repre-
sentations do not have the familiarity advantage they currently have in hospital wards. 
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